T he gene expression profile of a normal-suffering monozygotic twin pair is investigated to explore biological mechanisms of spastic type cerebral palsy. Main works include following three aspects: First, a cDNA microarray test is carried out to get the differentially expressed genes of the patient with cerebral palsy compared to her monozygotic twin sister. Second, these differentially expressed genes are searched for their bioinformation within 4 biological databases: FatiGO, FatiGOPlus, KEGG, and SOURCE. Third, a set of special genes and gene families are screened out from the spastic type cerebral palsy patient. These biological analyses reveal that those genes for cell junction are mostly down-regulated, while those genes for metabolism are mostly up-regulated. The individual genes, gene family, and their associated biological functions can reflect the pathological and physiological characteristics of the cerebral palsy.
Cerebral palsy (CP) is a chronic disability of brain origin. It behaves as aberrant control of movement or posture and appears in the early stage of life. The CP is not the result of any progressive disease, but is caused by many etiological factors. For instance, at the prenatal stage, risk factors include intrauterine growth retardation, intrauterine infection, and exposure to teratogens during pregnancy. Among preterm infants, CP incidences generally increase with decreasing gestational age. The origin of most patient cases can be traced to post-and peripartum periventricular leukomalacia and intraventricular or periventricular hemorrhage (Folkerth, 2005) . However, the cause for a large portion of cases still remains obscure. The CP may be originally caused by genome and some environmental incursion during the development of the central neural system (CNS; Kuban & Leviton, 1994) .
CP is the most common disability in children. At present, approximately 1% to 4% live-births in the world are suffering from CP. Based on clinical classification, the CP can be divided into a number of phenotypic groups. In China, an investigation in 2001 revealed that the total prevalence of CP was 1.92%, of which 53.56% were the spastic type, 13.39% the hypotonic type, 10.00% the ataxia type, 4.63% the athetosis type, 0.85% the tremor type, 0.55% of the tonic type, 12.44% the mixture type including two or more of the above types and 4.58% of unknown classification (Lin et al., 2001) . Therefore, the spastic type is the most common CP in China. Most researchers estimate that the portion of CP cases with a genetic etiology is approximately 1% to 2% in all CP cases (Baraitser, 1985) , and half of the ataxia type of CP is due to the autosomal recessive inheritance related to 9p12-q12, and the spastic type of CP is related to 2q24-25 (McHale et al., 1999 2q24-25 (McHale et al., , 2000 .
Biological mechanisms of a wide range of complex diseases have been successfully explored by genomic analysis. For example, diabetes mellitus, coronary artery disease and hypertension were successfully explored by cDNA microarray technology. By means of globally monitoring gene expression profiling at transcript level, the cDNA microarray technology is of high capacity, high sensitivity, high efficiency and high automaticity. It is effective and facile to study complex diseases as they are the results of interactions between multiple genes and multiple environmental factors (Goldsmith & Dhanasekaran, 2004; Spijker et al., 2004; Weeraratna et al., 2004) .
Twins, particularly monozygotic (MZ) twin pairs, are a good way to explore the biological characteristics of CP. CP is more common in twins than in singletons, especially in preterm twins (Bonellie et al., 2005) . Further, the characteristics of coherence and nonsynchronization are observed in the development of disease in twins (Medici et al., 1999) . So far only (Petronis, 2001) . cDNA microarray technology has been employed to study the gene expression profile in twins, but no investigations have been carried out on the biological mechanisms of CP in a MZ twin pair.
Study of Gene Expression Profiles and
This study investigates a MZ twin pair, a patient with CP and her normal sister, through their gene expression profiles. First, a cDNA microarray test is carried out to get the differentially expressed gene profile between the patient and her normal sister. These genes are then data-mined through four wellknown databases (FatiGO, FatiGOPlus, KEGG and SOURCE) for bioinformation. The molecular and biological mechanisms of spastic CP are explored. Finally, specific genes which may be potential causes or results of the spastic CP are discussed. This is the first attempt to explore molecular and biological mechanisms through comparing the microarray-based gene expression profiles of blood cells between a patient and her normal sister in a MZ twin pair.
Material and Method

A MZ Twin Pair and Their Diagnosis of CP
A 10-year-old patient (Twin 1) was diagnosed as CP when she was 2 months old, while her sister (Twin 2) was normal. This clinical result was obtained by professional physicians after a CP evaluation based on the child CP diagnostic criteria in the Code of China Health Medicine Diagnosis and Treatment Standard. The Code adopted the Gross Motor Function Measure (GMFM) and the Activity of Daily Living Scale (ADL) as scaling tables. The GMFM evaluation was divided into five function sections, a total of 88 items including a series of body gestures such as lying, turning, sitting, climbing, kneeling, standing, walking, running, and jumping. The ADL evaluation included nine aspects of movement tests, including controlling urination, taking food, changing clothes, defecating, using apparatus, recognizing and communication, movement on the bed, shifting and walking. These two scaling tables were well recognized in the international community (Collin et al., 1988; Russell et al., 1989) .
Sample Preparation for cDNA Tests
Zygosity Diagnosis
In order to ascertain the zygosity of this twin pair by microsatellite polymorphism or STR (short string repetitive sequence), 5ml EDTA-2Na blood samples were collected from each of the twin sisters. Genomic DNA was then extracted by the Chelex-100 method (Walsh et al., 1991) . Fifteen highly polymorphic microsatellite loca or human heredity markers were amplified by polymerase chain reaction (PCR) according to the specification of ABI Identifier Kit on an ABI9700 cycle. The PCR products were separated by capillary electrophoresis on ABI3100 heredity analyzer, followed by Genescan Analysis 317 and Genotyper 317 software. According to Mendel's Law, these 15 human heredity markers were used to identify kindred or zygosity in any two individuals.
Total RNA Sample Extraction
Ten ml of peripheral blood samples were collected from each of twin sisters at the same time for cDNA microarray tests. These peripheral blood samples were then harvested by means of the lysis of red blood cells with tris-buffered ammonium chloride to get mononuclear cells (PBMC). Total RNA of these PBMC was isolated using the Trizol (Invitrogen, Gaithersburg, MD, USA) one-step method, deposited and concentrated by isopropyl-akohol, and purified with RNeasy mini spin column kit (Qiagen, Valencia, CA, USA). The quality and quantity of the total RNA was finally checked by formaldehyde denaturing agarrose gel electrophoresis and spectrophotometer, respectively.
Microarray Experiment
Gene microarray chips with more than 20,000 human genes (CapitalBio Co. Ltd, Beijing, China) were used for microarray tests, including the following major five steps: so done that the mean Cy3/Cy5 ratio of all spots across the entire array was 1.0. 5. Identify differentially expressed genes: A differentially expressed gene was identified if its ratio of Cy3 to Cy5 was out of range of (0.5, 2.0; Pan et al., 2006) . The underlying information in differentially expressed genes was then explored through four public biological databases: FatiGO, FatiGOPlus, KEGG, and SOURCE.
Results
Clinical Diagnosis and Medical Examination
For the clinical diagnosis, the procedure for a CP medical examination was strictly observed. Figure 1 shows the twins' standing gestures. Medical records showed that the twin sisters were preterm and low birthweight. After birth, Twin 1 had a series of unusual symptoms such as fidgeting, loss of appetite, a sucking disability, and so on. These were the early symptoms of brain injury. The CT image observed a right cerebral cyst, augmented side ventricle and hypogenetic periventricular white matter. Medical examination indicated that Twin 1 had mental retardation, dysphasia, and apperceive hindrance, while Twin 2 did not. Twin 1 had muscle spasms and stiffness of all four limbs. Further, Twin 1 graded 51.5 for GMFM (full marks are 264 according to the Rusell grading) and 26 for ADL (full marks are 100 according to the Barthel index number grading), while Twin 2 graded 252 for GMFM and 95 for ADL. Both GMFM and ADL grading systems imply that higher marks mean function that is closer to normal. Therefore, Twin 1 was a typical spastic CP while Twin 2 was a completely normal child. Table 1 shows that the 15 loci were completely identical in both frequency and heterozygosity which has right comparative probability of 99.999954% and total coincidence probability of 1.7 ϫ 10 -13 . Therefore, the twin sisters were MZ.
Zygosity Examination
Online Analysis for Differentially Expressed Genes
From these twin pairs, 2703 differentially expressed genes were detected, in which 1272 genes were up-regulated and 1431 genes were down-regulated. These upand down-regulated genes are searched for underlying bioinformation within the above-mentioned four biological databases through either their GenBank Accession Numbers or Gene Name. Sorting procedures and results are separately stated as follows. First, the GenBank Accession Numbers of 1431 down-regulated genes and 1272 up-regulated genes are separately input into the FatiGO database, a web tool to find differential distributions of GO terms between two groups of genes. The search report showed that there were 505 unknown genes as well as 17 genes with more than one identifier in the down-regulated gene list (List 1) and 212 unknown genes as well as 10 genes with more than one identifier in up-regulated gene list (List 2). After removing these genes, the remaining genes for analysis had 909 in list 1 and 1050 in list 2. The search report indicated that these genes participated in 1750 biological processes, and annotated genes were 636 in List 1 and 783 in List 2. At present, FatiGO has nine levels for use. A higher level means more details available. However, detailed expressions may not master the global tendency of gene distribution. Table 2 lists the significant biological processes and their percentage for both down-and up-regulated genes in statistics at different levels. Table 3 lists the genes involved in 18 special biological processes which exist only in either down-regulated genes or up-regulated genes, among which 14 biological processes are relating to the down-regulated genes and only four biological processes are relating to the up-regulated genes.
Second, biochemical pathways of both up-and down-regulated genes are acquired in FatiGOPlus through genBank Accession Numbers. FatiGOPlus is an advanced version of FatiGO which can not only include the functions of FatiGO, but also provide a differential distribution of biological terms in a common pathway in two groups of genes (Al-Shahrour et al., 2006) . It can compare the percentages of down-regulated genes (List 1) and up-regulated genes (List 2) which participate in the same pathway. Search results reported that KEGG found 134 pathways which involved 189 annotated genes in List 1 and 252 annotated genes in List 2. It was found that only the pathway, neuroactive ligandreceptor interaction attaching to cell junction, was significant in statistics. Figure 2 is the graphic presentation of cell junction obtained from KEGG, which includes 15 pathways relating to our genes. Table 4 compares the percentages and significant levels (p values) for up-and down-regulated genes in the 15 cell junction pathways. The independent sample t test was used to compare the percentages of down-and up-regulated Comparison of standing position Note: On the left is the normal child and on the right, the CP child. genes involved in 15-cell junction pathways. Finally, the p value of .021 was obtained. Therefore, the down-regulated genes exceeded significantly the up-regulated genes as a whole. Third, the number of genes distributing subfamily pathways was enumerated in KEGG. We obtained the p value through the statistical disposition with two independent sample tests of nonparametric tests. Table 5 summarizes the number of differentially expressed genes in each biological pathway and its significant level in KEGG database. During the analysis, we picked out a series of gene families with diversity in biological function (not listed here). We also looked into the distribution of up-and down-regulated genes which participated in the same pathway. Only two typical pathways were given -the neuroactive ligandreceptor interaction in Figure 3 and the regulation of actin cytosekelton in Figure 4 where down-regulated genes concentrate in the upstream and up-regulated genes distribute in the downstream. The genes relating to actin polymerization and deploymerization are almost up-regulated.
Although the four above databases possess different bioinformation in quantity and searching mode, their search outcomes had high consistency in tendency. 
Discussion
Advantage of MZ Twin Models
MZ twin models have sole advantage in exploring the biological mechanism of CP. A MZ twin pair has the same DNA structures after birth but different gene expressions in each individual due to their cellular environment, the smallest unit to express the interaction between individual and environment. A MZ twin model can rule out genetic heterogeneity to its maximum and focus only on cellular environment, thus being superior to those models without identically genetic backgrounds (Kohsaka et al., 1996; Poulsen et al., 2003; Reuss et al., 2002) . The current study is thus a good example of the identification of the differentially expressed gene profile between CP PBMC and normal PBMC.
The analysis for differentially expressed genes is to understand the global distribution and tendency of a large quantity of gene expressions. The differentially expressed genes of this twin pair mainly concentrate on metabolism, cell communication or junction, and response to biotic stimulus (see Table 2 ). Biological pathway and process are mainly related to cell communication for cellular processes, signal transduction for environmental information processing, metabolism, and human diseases (see Table 5 ). Further analysis revealed that the down-regulated genes, which participate in 15 cell junction pathways, were the absolute majority in all genes and they mainly concentrate on the upstream, while the up-regulated genes mainly concentrate on the downstream, or down-/upregulated genes alternatively distribute. Such a distribution may imply a compensation mechanism in the CP patient. That is, upstream down-regulated genes may activate downstream genes to generate an Cell junction pathways in KEGG database.
. https://doi.org/10.1375/twin.10.3.496 Downloaded from https://www.cambridge.org/core. IP address: 54.70.40.11, on 12 Dec 2019 at 22:45:51, subject to the Cambridge Core terms of use, available at https://www.cambridge.org/core/terms overexpressed profile, making the CP individual obtain homeostasis. At present, it is known that 294 genes participate in neuroactive ligand-receptor interaction. The receptors belong to G-protein-coupled receptors (GPCRs) while the ligands include protein and peptide hormones, serotonin and gammaaminobutyric acide. Our study found 16 down-and four up-regulated genes (see Figure 3) . Whether those exceptional genes in transcription are the results or the causes of CP is worthy of further investigation.
Gene Family Relating to CP
Some gene families which repeatedly appeared were found in the 15 cell junction pathways, including integrin-α3,10, β4; laminin-α5, β4, γ3; CLDN-3,5,7,10; WASL and WASF-2,3; 6, 8; 8, 14, R1, R4, 22; 20, 26. Integrins are heterodimers comprised of alpha and beta subunits and participate in focal adhesion, ECM-receptor interaction, and the regulation of actin cytoskeleton. Particularly, integrin α3 is a receptor for fibronectin, laminin, collagen, epiligrin, thrombospondin and CSPG4, while integrin α10 and integrin β4 are the receptors for collagen and laminins. Laminins, a family of extracellular matrix glycoproteins, are the major noncollagenous constituents of basement membranes. They regulate a wide variety of biological processes including cell Manuel et al., 1999) . CLDN-3,5,7,10 genes which encode proteins, are the members of the claudin family. Claudins are integral membrane proteins and the components of tight junction strands which serve as a physical barrier to prevent solutes and water from passing freely through the paracellular space between epithelial or endothelial cell sheets. The CLDN3 haploinsufficiency may be the cause of certain cardiovascular and musculo-skeletal abnormalities observed in Williams-Beuren syndrome, a rare developmental disorder (Paperna et al., 1998) . WASL and WASF-2,3 genes encode the member of the Wiskott-Aldrich syndrome protein (WASP) family. The WASP, WASP-like (WASL), and WASF2 are among the downstream effector molecules involved in the transmission of signals from tyrosine kinase receptors and small GTPases to actin cytoskeleton. The actin cytoskeleton plays critical roles in cell morphologic changes and motility (Dahl et al., 2003) . These gene families, which have low expression but play important roles in cell communication, may express to some extent the biological traits of CP.
Special Individual Genes Found in CP patient
A set of genes was screened out to reflect pathological and physiological characteristics of the CP in this study. For example, SOX15 and INHA were Distribution of down-and up-regulated genes in neuroactive ligand-receptor interaction obtained from KEGG (where a down-arrow denotes a down-regulated gene, an up-arrow denotes an up-regulated gene, and the rest denote inherent genes).
down-regulated by approximately 5-fold and 2.5fold, respectively. These two genes participate in the biological process of sex differentiation. SOX 15 is a member of the SOX (SRY-related HMG-box) family of transcription factors involved in the regulation of embryonic development and in the determination of cell fate. It plays a role in the regulation of skeletal muscle myogenesis (Lee et al., 2004) . INHA (inhibin) is normally produced by ovarian granulosa cells and inhibits the secretion of follitropin by the pituitary gland. The inhibin is involved in the regulation of a number of diverse functions such as hypothalamic and pituitary hormone secretion, gonadal hormone secretion, germ cell development and maturation, erythroid differentiation, insulin secretion, nerve cell survival, embryonic axial development or bone growth. At present, inhibin is supposed to be the growth/differentiation factor and hormone (Farnworth et al., 2006; Kobayashi et al., 2006) . Medical examination indi-cates that the 10-year-old girl with CP is obviously stunted and has amyotrophy compared with her twin sister. The down-regulation of SOX15, INHA genes and the other relational genes listed in Table 3 may be partial reasons for this. This should be further validated by further tests such as assay of the level of blood serum hormone and western blot for the relevant protein.
Special Genes for Memory and Behavior
The differentially expressed genes for memory and behaviors were investigated. These genes, being all down-regulated, include ADCY8 relating to memory, HCRT and AGRP relating to feeding behaviors, and MPZ relating to mechanosensory behaviors. The ADCY8 (adenylate cyclase 8, brain) is a membrane-bound enzyme that catalyzes the formation of cyclic AMP from ATP and participates in purine metabolism, the calcium signaling pathway, and gap junction. Recent researches have revealed that Pathway in regulation of actin cytoskeleton obtained from KEGG (where a down-arrow denotes a down-regulated gene, an up-arrow denotes an up-regulated gene, and the rest denote inherent genes).
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Tiane Zhang, Miqu Wang, Ling Pan, Weijun Ding, J.G. Wang, Liping Yang, Ming Liu, Weihong Li, and Zhiyong Yan ADCY8 is one of seven genes that are important to human memory (de Quervain et al., 2006) . Its downregulation may imply the basic embodiment of central nerve injury. MPZ, which belongs to the myelin P0 protein family, is the major structural protein of peripheral myelin, accounting for more than 50% of the protein present in the sheath of peripheral nerves. Fifty-six distinct mutations in the MPZ gene had been identified in association with hereditary peripheral neuropathy. For example, charcot-marie-tooth diseases are a series of neuropathy that result from the MPZ mutation [MIM: 118200, 607677, 607736, 607791] . These diseases take on the following clinical symptoms: slow progressive distal muscle atrophy and weakness, absent deep tendon reflexes, reduced nerve conduction velocities and gait ataxia (Nelis et al., 1999) . Whether MPZ occurred to the mutation or not has not been confirmed in our patient, but the outcome from the cDNA microarray assay shows that the down-regulation of MPZ above 3-fold may be another biological basis of the CP. HCRT and AGRP share similar functions, neuropeptides regulating food intake, participant of neuroactive ligand-receptor interaction, and locating to hypothalamus. The HCRT plays an important role in orchestrating the sleepwake cycle (Hagan et al., 1999) , but the AGRP plays a role in weight homeostasis, regulating body weight via central melanocortin receptors. Being associated with the history of the patient such as low birthweight, eating little and sucking disability in infancy, and the body weight of the patient being lower than her twin sister, the down-regulations of HCRT and AGRP were inferred to be one of the biological mechanisms for the clinic symptom of CP. In this study, some genes and gene families were found which reflect the pathological and physiological characteristics of the CP. That is, the genes relating to cell communication and response to biotic stimulus take on low expression levels while those relating to metabolism take on high expression levels. Of course, these results and conclusions are preliminary. More experimental data are necessary for their further verifications.
